Background: Surgery for cancer of the thoracic esophagus is a challenging procedure associated with high morbidity and mortality. Perioperative rehabilitation has been introduced to promote early mobilization of the patients and to prevent postoperative pulmonary complications. The purpose of the present study was to characterize the preoperative functional exercise capacity, muscle strength, anxiety, depression, and health-related quality of life (QOL) in patients with esophageal cancer, and to evaluate the impact of radical esophagectomy on these parameters.
Background
Esophagectomy is the standard therapy for patients with localized esophageal cancer, but it is a highly invasive procedure and associated with serious postoperative complications such as pulmonary complications, anastomotic leaks, and sepsis [1] . Major pulmonary complications after esophagectomy have been implicated in prolonged hospital stays and postoperative mortality [2, 3] . The preoperative health status is important because advanced age, preoperative chemoradiotherapy, and comorbidity of chronic obstructive pulmonary disease (COPD) are associated with the increased risk of postoperative complications and mortality [4, 5] . Moreover, it has been reported that a lack of preoperative physical activity and the loss of maximum oxygen uptake are risk factors for pulmonary or cardiopulmonary complications [6] [7] [8] .
Perioperative rehabilitation has been expected to improve physical fitness, promote early mobilization, and reduce postoperative pulmonary complications in patients with esophageal cancer [9, 10] . In order to manage the rehabilitation program, it is important to adequately assess the status of functional exercise capacity and health-related quality of life (QOL) before surgery. Moreover, esophagectomy itself worsens health-related QOL and physical fitness [11] [12] [13] . A prospective study by Reynolds et al. demonstrated that esophageal resection had a negative impact on health-related QOL as assessed by the 30-item European Organization for the Research and Treatment of Cancer (EORTC) QOL Core Questionnaires (QLQ) (EORTC QLQ-C30) [14] and esophageal cancer-specific EORTC QLQ (EORTC QLQ-OES24) [15] 3 months after surgery [12] . Moreover, Teoh et al. reported that esophagectomy was associated with worsened physical functioning and fatigue symptoms as assessed by EORTC QLQ-C30 and QLQ-OES24 up to 6 months after treatment [11] . Tatematsu et al. reported that 6MWD and knee-extensor muscle strength were significantly decreased approximately 3 weeks after esophagectomy [13] . However, the pre-and postoperative physical fitness, health-related QOL, psychological aspects, and their relationships have not been fully evaluated in patients with esophageal cancer who have undergone esophagectomy.
The purpose of the present study was to characterize the preoperative functional exercise capacity, muscle strength, anxiety, depression, and health-related QOL in patients with esophageal cancer, and to evaluate the impact of radical esophagectomy on these parameters 2 weeks after the surgery.
Methods

Patients
Records of 43 consecutive patients with esophageal cancer who underwent scheduled radical esophagectomy in the Department of Gastroenterological Surgery II, Nagoya University Hospital from January to December 2014 were retrospectively reviewed. Patients who underwent emergency surgery were not included. At our institution, perioperative pulmonary rehabilitation is routinely performed on patients who underwent esophagectomy. In addition, physical, mental, and QOL status are routinely assessed before and after surgery as the perioperative rehabilitation program according to previous reports and guidelines [2, 10, 13, [16] [17] [18] [19] . Patients are allowed to refuse the assessment if they do not wish. A flow chart describing the inclusion process is shown in Fig. 1 . Thirty-four patients who underwent pre-and postoperative physical assessment were evaluated. Nine patients were excluded because they were discharged within 14 days after surgery (n = 3), were unable to walk without assistance due to invasive pharyngolaryngectomy (n = 2), were postoperatively admitted to the Intensive Care Unit (n = 2), and had atrial fibrillation (n = 1), and physiological status was evaluated 3 weeks after surgery (n = 1). The tumors were staged according to the seventh edition of the Union for International Cancer Control TNM staging system, and the tumor grades were classified according to the WHO classification of histological differentiation. The severity of postoperative complications was classified using the Clavien-Dindo classification [20] . Information about patients was collected through a review of electronic medical records.
Pulmonary function tests
Preoperative pulmonary functions were routinely measured using computerized equipment (Fudak77, Fukuda Sangyo, Tokyo, Japan) at the clinical laboratory within 30 days before the operation. As spirometric parameters, Fig. 1 Flow of participants vital capacity (VC), forced vital capacity (FVC), and forced expiratory volume in 1 s (FEV 1 ) were measured. COPD was defined as an FEV 1 /FVC ratio <70 % without any other respiratory diseases. The predicted values for spirometry and lung volumes were calculated according to the method of the Japanese Respiratory Society [21] .
Measurements of physical fitness
The 6-min walk distance (6MWD) was measured by the 6-min walk test (6MWT) according to guidelines of the American Thoracic Society [22] . During the 6MWT, oxygen saturation of a peripheral artery (SpO 2 ) was measured using a pulse oximeter (Pulsox-Me300; Teijin Pharma Co., Tokyo, Japan) without supplemental oxygen. Desaturation was defined as a fall in SpO 2 ≥ 4 % or SpO 2 < 90 % during the 6MWT [23] . Isometric knee extensor muscle strength was assessed using a hand-held dynamometer (Mutus F-100; Anima Co., Tokyo, Japan). Hand grip strength was measured using a digital dynamometer (Grip-D, Takei Co., Niigata, Japan).
Assessment of anxiety, depression, and health-related QOL
Anxiety and depression were measured using the validated Japanese version of the Hospital Anxiety and Depression Scale (HADS) [24] . The scores range from 0 to 21 for each subscale, with a score ≥8 denoting a probable case. A higher score represents a higher level of anxiety or depression. Health-related QOL was assessed by the validated Japanese version of the MOS 36-item Short-Form Health Survey (SF-36) version 2, which has eight subscales and three component summary scores: a physical component summary (PCS), mental component summary (MCS), and role/social component summary (RCS) [25] . A higher SF-36 score represents a better health-related QOL. Respiratory health-related QOL was assessed by a validated Japanese version of the COPD assessment test (CAT), an eight-item questionnaire including cough, phlegm, chest tightness, breathlessness, activity limitation, confidence to leave home, sleep, and energy [26] . A higher CAT score represents a poorer respiratory health-related QOL.
Rehabilitation program
Pre-and postoperative rehabilitation was performed by specialized physical therapists (T.I., M.N, Y.M., K.H., and H.N.). The preoperative pulmonary rehabilitation protocol included (1) measurements of 6MWD, knee extensor muscle strength, and hand grip strength, (2) assessment of HADS, SF-36, and CAT, and (3) orientation to the postoperative rehabilitation program and encouragement of early mobilization. Preoperative measurements were assessed 1 to 10 days before the surgery. All patients performed the postoperative pulmonary rehabilitation, which consisted of positioning, stretching of respiratory muscles and thoracic cage, deep diaphragmatic breathing, coughing and huffing, and early mobilization from the first postoperative day. When possible, 6MWD, muscle strength, HADS, and CAT were re-evaluated 14 days after the operation.
Statistical analysis
Data were expressed as means ± SD or median (range). The paired t-test or Fisher's exact test was used to evaluate statistical significance. When data failed a normality test, the Mann-Whitney U test was performed. Correlations between variables were analyzed using Spearman's rank correlation coefficient. Regression analysis was used for univariate analysis and multiple regression analysis (forced entry method) was used for multivariate analysis. All analyses were conducted using SPSS ver. 19 (SPSS Inc., Tokyo, Japan). P < 0.05 was considered statistically significant.
Results
Clinical characteristics
The characteristics and results of preoperative pulmonary function and laboratory tests of the 34 patients are shown in Table 1 . The patients were predominantly male 
Correlations between preoperative parameters
Correlations between various parameters before the surgery are shown in Table 2 . The preoperative 6MWD significantly correlated with hand grip strength (right: r = 0.562, P = 0.001, left: r = 0.511, P = 0.002), isometric knee extensor muscle strength (right: r = 0.482, P = 0.006, left: r = 0.535, P = 0.002), and SF-36 components, physical functioning (r = 0.454, P = 0.013), general health (r = 0.465, P = 0.011), mental health (r = 0.382, P = 0.045), and MCS (r = 0.497, P = 0.010). CAT scores showed significant inverse correlation with hand grip strength (right: r = -0.490, P = 0.005, left: r = -0.406, P = 0.002) and isometric knee extensor muscle strength (right: r = -0.491, P = 0.008, left: r = -0.565, P = 0.002). Correlations between QOL parameters or 6MWD and pulmonary functions before surgery are shown in Table 3 . Correlations between SF-36 scores and CAT or HADS before surgery are shown in Table 4 . Total CAT scores showed significant inverse correlation with most SF-36 components: physical functioning (r = -0.384, P = 0.040), general health (r = -0.432, P = 0.019), social functioning (r = -0.658, P < 0.001), vitality (r = -0.503, P = 0.005), 
Correlations between postoperative parameters
Correlations between various parameters after the surgery are shown in Table 5 . The postoperative 6MWD significantly correlated with postoperative left isometric knee muscle extensor strength (r = 0.526, P = 0.003).
Comparison between pre-and postoperative measurements
Next, the effects of esophagectomy on physical and psychological status were examined. Comparisons and changes of 6MWD, desaturation during the 6MWT, muscle strength, HADS, and CAT before and after surgery are shown in Table 6 . The post-operative 6MWD (409 ± 108 m) was significantly shorter than the preoperative value (496 ± 76 m, P < 0.001). Muscle strength results showed that both right and left hand grip strengths were significantly decreased after the operation (P = 0.01). Left side isometric knee extensor muscle strength was significantly decreased after the operation (P = 0.02). That of the right side was also decreased after the operation, but the difference was not statistically significant level (P = 0.08). The number of patients whose HADS anxiety score was ≥8 increased from 4 to 8 after surgery, although the difference did not reach a statistically significant level by Fisher's exact test (P = 0.31). CAT scores significantly increased after surgery (P = 0.02). Two different surgical techniques, open surgery for 31 patients and video-assisted thoracic (closed) surgery for three patients, were performed (Table 1 ). Demographics and data of pre-and postoperative measurements of three patients who underwent video-assisted thoracic surgery are shown in Additional file 1: Table S1 . The mean values of postoperative 6MWD and changes of 6MWD after the surgery were 364 m and −60 m. The mean changes of right and left hand grip strengths and right isometric knee extensor muscle strength were −3.8 kgf, −2.5 kgf, and −2.3 kgf, respectively. Left isometric knee extensor muscle strength was increased in two patients, and the mean changes were 1.0 kgf.
Effects of COPD and preoperative chemoradiotherapy
The effects of comorbidity of COPD on physical and QOL parameters were examined. The parameters of patients with and without COPD are compared in Table 7 .
Preoperative %FEV 1 (P < 0.001), FEV 1 /FVC (P < 0.001), postoperative 6MWD (P = 0.034), and preoperative left isometric knee extensor muscle strength (P = 0.018) were significantly lower in patients with COPD than those without COPD. There was no significant difference in preoperative SF-36 components between the groups. We also compared the results of physical and QOL parameters of patients with and without preoperative chemotherapy or radiotherapy (Table 8 ). Among preoperative SF-36 components, role emotional and PCS scores of patients undergoing chemoradiotherapy were significantly lower than those without (P = 0.019). There was no significant difference in other parameters between the groups.
Factors affecting postoperative 6MWD
Next, we aimed to identify pre-and intraoperative factors affecting the postoperative loss of exercise capacity. Changes in 6MWD before and after surgery were chosen because the 6MWT is a validated method to assess functional exercise capacity and efficacy of pulmonary rehabilitation [27] . Results of the univariate regression analysis showed that the preoperative PCS, a component of SF-36, significantly correlated with decrease of 6MWD (r = 0.437, P = 0.033) ( Table 9 ). On the other hand, preoperative 6MWD, pulmonary functions, muscle strength, COPD comorbidity, chemoradiotherapy, blood loss during surgery, and operation time did not predict changes in 6MWD (Table 9 ). Multiple regression analysis including all relevant variables with P values <0.10 in univariate analysis showed that only PCS significantly correlated with changes in 6MWD (r = 0.488, P = 0.027) ( Table 9 ). There was a trend toward a greater risk of loss of 6MWD as preoperative %VC decreased (P = 0.077).
Discussion
The main findings of the present study of patients with esophageal cancer who underwent esophagectomy with Spearman's rank correlation coefficient was used for the analysis. *P < 0.05 perioperative pulmonary rehabilitation were: 1) 6MWD and skeletal muscle strength had significantly decreased and CAT scores had increased 2 weeks after surgery, 2) PCS, a component of SF-36, significantly correlated with the decrease of 6MWD, and 3) comorbidity of COPD had a significant impact on health-related QOL, muscle strength, and 6MWD. To our knowledge, this is the first study to characterize the status of physical fitness, exercise capacity, health-related QOL, anxiety, and depression in patients with esophageal cancer before and after the surgery. The 6MWT is a simple but well validated method to assess functional exercise capacity in patients with pulmonary and cardiovascular diseases [22] and the efficacy of pulmonary rehabilitation [27] . In the present study, preoperative 6MWD positively correlated with hand grip and isometric knee extensor muscle strength. It is expected that postoperative pulmonary rehabilitation helped maintain and recover the physical status of patients. However, the postoperative 6MWD and muscle strength were significantly lower than the preoperative values. Importantly, a mean decrease in the 6MWD of 85 m exceeded the clinically important distance of 54 m [28] , demonstrating the significant short-term impact of esophagectomy on exercise capacity. Even in the three patients who underwent video-assisted thoracic surgery, the mean decrease in 6MWD was 60 m, above the clinically important value. Our results were consistent with the previous report by Tatematsu et al. that 6MWD and knee-extensor muscle strength, which were measured on the day of hospital discharge (median 21 days after surgery), were significantly decreased after esophagectomy [13] . Tatematsu et al. also reported that the change in the physical functional score on EORTC QLQ-C30 was significantly affected by that in the 6MWD by multiple regression analysis [13] . In our study, results of multiple and univariate regression analysis show that the loss of 6MWD was significantly affected by the preoperative SF-36 physical component PCS. In contrast, comorbidity of COPD, preoperative adjuvant therapy, pulmonary function test results, operation duration, or blood loss during surgery did not affect the change in 6MWD, consistent with the results of Tatematsu et al. These findings indicate that the 6MWT is a convenient and useful tool to assess the physical status in order to plan a perioperative rehabilitation program for patients with esophageal cancer.
Long-term cigarette smoking is an important risk factor for developing COPD as well as squamous cell carcinoma of the esophagus. It has been reported that COPD is one of the predictors of postoperative mortality after esophagectomy [5] . In our study, 91.2 % of patients were smokers, and the prevalence of COPD was relatively high (35.3 %). Moreover, both physical and QOL parameters were affected by comorbidity with COPD. The CAT is a validated questionnaire designed to assess and quantify the impact of COPD symptoms on healthrelated QOL [26] . The CAT scores strongly correlate with scores on the St. George Respiratory Questionnaire, a tool to evaluate the respiratory-related QOL [26] . Significant correlations between scores of total CAT and SF-36, a measure of the general health-related QOL, were found in our cohort, consistent with findings in COPD patients [29] . Preoperative CAT scores were significantly higher and postoperative 6MWD and left hand grip strength were significantly lower in patients with COPD than those without. In addition, postoperative CAT scores were significantly higher than preoperative scores, suggesting the impact of esophagectomy on Table 6 Comparison of 6MWD, muscle strength, and HADS before and after surgery Values are mean ± SD and compared by paired t-test or Fisher's exact test.
a Desaturation was defined as a fall in SpO 2 ≥ 4 % or SpO 2 < 90 % during the 6MWT. *P <0.05 respiratory-related QOL. Although the use of CAT for assessment of the respiratory-related QOL after surgery such as esophagectomy has not been validated yet, CAT was used before and after the surgery for the following reasons. First, almost all the patients in our cohort were smokers with a high prevalence of COPD. Second, pulmonary rehabilitation was the main objective of our perioperative rehabilitation program in order to prevent The multivariate analysis includes relevant variables with P values <0.10 in univariate analysis (preoperative %VC and %FEV 1 , and PCS). ND not done. *P < 0.05. N = 32 otherwise indicated pulmonary complications after esophagectomy. Third, a recent study demonstrated that the CAT is beneficial to assess respiratory symptom and complications even in smokers without COPD [30] . Future studies are required to validate the use of CAT to assess respiratory-related QOL in patients who receive perioperative pulmonary rehabilitation. It would also be useful to evaluate the correlation between scores of CAT and QOL questionnaires specific for cancer and esophageal diseases such as the EORTC QLQ-C30 [14] and EORTC QLQ-OES24 [15] . The long-term impacts of esophagectomy on physical, QOL, or mental status after discharge have been investigated by other groups [11, 15, 31, 32] . In contrast, there is little information on postoperative physical and QOL status before discharge. The major purpose of our study was to evaluate how the physical, mental, and QOL parameters have recovered 2 weeks after esophagectomy during the hospital stay. Severer cases were excluded from the analysis because of gait disturbance 2 weeks after the surgery (Fig. 1) . The incidence of pulmonary complications (8.8 %) was lower than that in previous reports (15-36 %) [4, 33, 34] . Thus, our patients reflect a relatively good clinical course shortly after the esophagectomy.
This study has several limitations. The data were collected retrospectively from patients who underwent esophagectomy. We did not aim to determine the factors that predict postoperative complications or examine the effectiveness of perioperative pulmonary rehabilitation either. It is impossible to clarify whether the rehabilitation was beneficial for health outcomes after the esophagectomy from the present study design. A previous study demonstrated that intensive prehabilitation reduced postoperative pulmonary complications after esophagectomy [10] , indicating that improvement of physical fitness before the surgery may lead to better clinical outcomes after esophagectomy. Our findings demonstrated both the physical and QOL status of inhospital patients two weeks after esophagectomy with perioperative rehabilitation. Further improvements, both from the viewpoint of minimally invasive surgery and perioperative management, are warranted. Prospective studies with a larger number of subjects including patients both with and without pulmonary rehabilitation are necessary to characterize the risk factors of postoperative complications and to improve the perioperative rehabilitation programs.
